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DESCRIPTION 

OPTICAL TRANSPORTING APPARATUS , OPTICAL 

TRANSMISSION SYSTEM, OPTICAL TRANSPORTING METHOD, AND 
OPTICAL TRANSMISSION METHOD 

TECHNICAL FIELD 
[0001] The present invention relates to a 

transmission of an optical signal with frequency division 
multiplexing. More particularly, the present invention 
relates to a transmission of an optical signal through 
a frequency division multiplexing system that, by 
reducing distortions due to a first signal, mitigates 
interference against a second signal. 

BACKGROUND ART 
[0002] A method has been invented, which transmits 

first and second signals with frequency multiplexing, 
through modulating an optical signal being 
intensity-modulated by the first signal with the second 
signal composed of other signal using an external 
modulator (Patent Document 1). 

[0003] However, in an optical transmitting device 

shown in Fig. 3 of Patent Document 1, a frequency 
allocation for an AM-FDM signal (a first signal) and an 
FM-FDM signal (a second signal) are as shown in Fig. 6 
of Patent Document 1. In this case, harmonic distortions 
and intermodulation distortions of the AM-FDM signal may 
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overlap with the FM-FDM signal frequency, and may 
interfere the FM-FDM signal. 

[0004] As such, in a frequency division multiplexing 

system, when modulating the modulated optical signal by 
the first signal with the second signal using the external 
modulator to multiplex the first and second signals with 
frequency-division, a problem arises that the harmonic 
distortions and intermodulation distortions generated by 
the first signal can interfere the second signal. 
[0005] Patent Document 1: Japanese Patent 

Application Laid-Open No. 6-104867. 

Non-Patent Document 1: ITU-T Recommendation, J. 185, 
"Transmission equipment for transferring multi-channel 
television signals over optical access networks by FM 
conversion", 02/2002. 

Non-Patent Document 2: Shibata et al . , "Optical video 
distribution systems employing FM conversion" , 
Transaction B of the Institute of Electronics, 
Information and Communication Engineers , Vol. J83-B, No. 
7, pp. 948-959, 07/2000. 

DISCLOSURE OF THE INVENTION 
[0006] The present invention has been made in view 

of the foregoing problem, and its object is to reduce 
interfering distortions in an optical transmission with 
frequency division multiplexing and facilitate a 
higher-quality transmission . 
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[0007] According to an aspect of the present 

invention, an optical transmitting device of modulating 
a modulated optical signal by a first signal with a second 
signal for transmission, the device comprises an optical 
splitting means for splitting the modulated optical 
signal by the first signal, a photoelectric conversion 
means for converting one of the split optical signals to 
an electrical signal, and a cancellation means for 
canceling interference against the second signal 
contained in the other of the split optical signals, by 
using the converted electrical signal. 

[0008] Further, according to an aspect of the present 

invention, the cancellation means comprises a filter 
means for extracting an electrical signal of a frequency 
spectrum at least partially overlapped with a frequency 
spectrum of the second signal in the converted electrical 
signal, a phase adjustment means for adjusting a phase 
of the extracted electrical signal, and a modulation 
means for modulating the other of the split optical 
signals with the phase-adjusted electrical signal. 
[0009] Furthermore, according to an aspect of the 

present invention, the cancellation means comprises a 
filter means for extracting an electrical signal of a 
frequency spectrum at least partially overlapped with a 
frequency spectrum of the second signal in the converted 
electrical signal , a phase adjustment means for adjusting 
a phase of the extracted electrical signal, a combining 
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means for combining the phase- adjusted electrical signal 
and the second signal , and a modulation means for 
modulating the other of the split optical signals with 
the combined signal. 

[0010] Still further, according to an aspect of the 

present invention, the first signal is an FM batch 
converted signal. 

[0011] Still furthermore, according to an aspect of 

the present invention, the second signal is a satellite 
broadcasting RF signal. 

[0012] In addition, according to an aspect of the 

present invention, an optical transmission system 
comprising an optical transmitting device and an optical 
receiving device for receiving an optical signal 
transmitted via an optical path from the optical 
transmitting device, the optical receiving device 
comprises an optical splitting means for splitting the 
received optical signal to an optical signal containing 
an FM batch converted signal and an optical signal 
containing a satellite broadcasting RF signal, a first 
photoelectric conversion means for converting the 
optical signal containing the FM batch conversion signal 
split by the optical splitting means to an electrical 
signal, a demodulation means for FM demodulating the 
electrical signal converted by the first photoelectric 
conversion means, a second photoelectric conversion 
means for converting the optical signal containing the 
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satellite broadcasting RF signal split by the optical 
splitting means to an electrical signal, and a 
down-conversion means for down-converting the electrical 
signal converted by the second photoelectric conversion 
means . 

[0013] Moreover, according to an aspect of the 

present invention, an optical transmission system 
comprising an optical transmitting device and an optical 
receiving device for receiving an optical signal 
transmitted via an optical path from the optical 
transmitting device, the optical receiving device 
comprises a photoelectric conversion means for 
converting the received optical signal to an electrical 
signal, a filter means for separating the electrical 
signal converted by the photoelectric conversion means 
to a FM batch converted signal and a satellite 
broadcasting RF signal, a demodulation means for 
demodulating the FM batch conversion signal separated by 
the filter means, and a down-conversion means for 
down-converting the satellite broadcasting RF signal 
separated by the filter means. 

[0014] In addition, according to an aspect of the 

present invention, an optical transmitting method for 
modulating a modulated optical signal by a first signal 
with a second signal for transmission, the method 
comprises splitting the modulated optical signal by the 
first signal, converting one of the split optical signals 
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to an electrical signal, and canceling interference 
against the second signal contained in the other of the 
split optical signals using the converted electrical 
signal . 

[0015] Further, according to an aspect of the present 

invention, the canceling step comprises extracting an 
electrical signal of a frequency spectrum at least 
partially overlapped with a frequency spectrum of the 
second signal in the converted electrical signal, 
adjusting a phase of the extracted electrical signal, and 
modulating the other of the split optical signals with 
the phase-adjusted electrical signal. 

[0016] Furthermore, according to an aspect of the 

present invention, the canceling step comprises 
extracting an electrical signal of a frequency spectrum 
at least partially overlapped with a frequency spectrum 
of the second signal in the converted electrical signal, 
adjusting a phase of the extracted electrical signal, 
combining the phase-adjusted electrical signal and the 
second signal, and modulating the other of the split 
optical signals with the combined signal. 
[0017] Still further, according to an aspect of the 

present invention, the first signal is an FM batch 
converted signal. 

[0018] Still furthermore, according to an aspect of 

the present invention, the second signal is a satellite 
broadcasting RF signal. 
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[0019] Moreover, according to an aspect of the 

present invention, an optical transmission method 
comprises transmitting a modulated optical signal by an 
FM batch converted signal and a satellite broadcasting 
RF signal by the above described optical transmitting 
method, receiving and splitting the transmitted optical 
signal to an optical signal containing the FM batch 
converted signal and an optical signal containing the 
satellite broadcasting RF signal, converting the optical 
signal containing the split FM batch converted signal to 
an electrical signal for demodulation, and converting the 
optical signal containing the split satellite 
broadcasting RF signal to an electrical signal for 
down-conversion . 

[0020] In addition, according to an aspect of the 

present invention, an optical transmission method 
comprises transmitting a modulated optical signal by an 
FM batch converted signal and a satellite broadcasting 
RF signal by the above described optical transmitting 
method, receiving and converting the transmitted optical 
signal to an electrical signal, separating the converted 
electrical signal to the FM batch converted signal and 
the satellite broadcasting RF signal, demodulating the 
separated FM batch conversion signal, and 
down-converting the separated satellite broadcasting RF 
signal . 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] [Fig. 1] Fig, 1 is a block diagram showing 

an exemplary configuration of an optical transmission 
system which performs frequency-multiplexing of a first 
and a second signals for transmission. 

[Fig. 2] Fig. 2 is a block diagram showing an exemplary 
configuration of another optical receiving device in an 
optical transmission system which performs 
frequency-multiplexing of a first and a second signals 
for transmission. 

[Fig. 3] Fig. 3 is a graph representing a spectrum at 
point "A" of Fig. 1. 

[Fig. 4] Fig. 4 is a graph representing a spectrum at 
point "B" of Fig. 1. 

[Fig. 5] Fig. 5 is a graph representing a spectrum at 
point "C" of Fig. 1. 

[Fig. 6] Fig. 6 is a graph representing a spectrum at 
point "D" of Fig. 1. 

[Fig. 7] Fig. 7 is a graph representing a spectrum at 
point "E" of Fig. 1. 

[Fig. 8] Fig. 8 is a graph representing a spectrum at 
point "F" of Fig. 1. 

[Fig. 9] Fig. 9 is a graph representing a spectrum at 
point "G" of Fig. 1. 

[Fig. 10] Fig. 10 is a graph representing a spectrum at 
point "H" of Fig. 1. 

[Fig. 11] Fig. 11 is a graph representing a spectrum at 
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point 




of Fig. 


1 . 






[Fig. 


12] 


Fig. 12 


is 


a 


graph representing a spectrum at 


point 


II J II 


of Fig. 


2 . 






[Fig. 


13] 


Fig. 13 


is 


a 


graph representing a spectrum at 


point 


"K" 


of Fig. 


2 . 






[Fig. 


14] 


Fig. 14 


is 


a 


graph representing a spectrum at 


point 


"L " 


of Fig. 


2 . 






[Fig. 


15] 


Fig. 15 


is 


a 


graph representing a spectrum at 


point 


"M" 


of Fig. 


2 . 






[Fig. 


16] 


Fig. 16 


is 


a 


graph representing a spectrum at 


point 


"N" 


of Fig. 


2 . 






[Fig. 


17] 


Fig. 17 is a block diagram showing an exemplary 



configuration of another optical transmitting device in 
the optical transmission system which performs 
frequency-multiplexing of a first and a second signals 
for transmission. 

[Fig. 18] Fig. 18 is a block diagram showing an exemplary 
configuration according to a first embodiment of the 
optical transmitting device in the optical transmission 
system according to the present invention which performs 
frequency-multiplexing of a first and a second signals 
for transmission. 

[Fig. 19] Fig. 19 is a block diagram showing an exemplary 
configuration according to a second embodiment of the 
optical transmitting device in the optical transmission 
system according to the present invention which performs 
frequency-multiplexing of a first and a second signals 
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for transmission. 



[Fig. 20] Fig. 20 is a block diagram showing an exemplary 
configuration of a cancellation signal generator 
according to the present invention. 



[Fig. 


21] 


Fig. 21 


is 


a graph representing a spectrum at 


point 


II _ II 

d 


of Fig. 


18 


and Fig. 19. 


[Fig. 


22] 


Fig. 22 


is 


a graph representing a spectrum at 


point 


"b" 


of Fig. 


18 


and Fig. 19. 


[Fig. 


23] 


Fig. 23 


is 


a graph representing a spectrum at 


point 


"c" 


of Fig. 


18 


and Fig. 19. 


[Fig. 


24] 


Fig. 24 


is 


a graph representing a spectrum at 


point 


"d" 


of Fig. 


20 




[Fig. 


25] 


Fig. 25 


is 


a graph representing a spectrum at 


point 


"e" 


of Fig. 


20 




[Fig. 


26] 


Fig. 26 


is 


a graph representing a spectrum at 


point 


II £ II 


of Fig. 


18 


and Fig. 19. 


[Fig. 


27 ] 


Fig. 27 


is 


a graph representing a spectrum at 


point 


"g" 


of Fig. 


18 


and Fig. 19. 


[Fig. 


28] 


Fig. 28 


is a graph representing a spectrum at 


point 


"h" 


of Fig. 


18 


and Fig. 19. 


[Fig. 


29] 


Fig. 29 


is 


a graph representing a spectrum at 


point 


■1 II 


of Fig. 


18 




[Fig. 


30] 


Fig. 30 


is 


a graph representing a spectrum at 


point 


" j " 


of Fig. 


18 


and Fig. 19. 


[Fig. 


31] 


Fig. 31 


is 


a graph representing a spectrum at 


point 


"k" 


of Fig. 


19 . 


» 
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BEST MODE FOR CARRYING OUT THE INVENTION 
[0022] With reference to the drawings, embodiments 

of the present invention will be described in detail below. 
Hereunder, an FM batch conversion signal with a frequency 
of 0 to 6 GHz converted from CATV signals (90 to 770 MHz) 
is assumed as a first signal and RF signals of a BS/CS 
satellite broadcasting with a frequency of 11.7 to 12.8 
GHz is assumed as a second signal. In the present 
invention, however, any signals may be used and the 
application is not limited to those described below, 
unless the first and the second signals have different 
occupied frequencies and are in a relationship that 
harmonic distortions or intermodulation distortions of 
the first signal can interfere with the second signal. 
[0023] As a scheme for transmitting multichannel 

video signals (90 to 770 MHz) such as CATV signals via 
an optical fiber with higher quality, an FM batch 
conversion scheme is recommended by ITU (Non- Patent 
Document 1) . The FM batch conversion scheme can improve 
a receiving sensitivity through a wideband gain obtained 
by FM conversion, compared with a scheme that 
intensity-modulates multichannel video signals for 
transmission, and thus enables a transmission with 
higher-quality (Non-Patent Document 2). 

[0024] Fig. 1 shows an exemplary configuration of an 

optical transmission system where multichannel CATV 
signals of 90 to 770 MHz are converted to an FM batch 
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conversion signal of 0 to 6 GHz and transmitted with 
multichannel video signals of the BS/CS satellite 
broadcasting through a single optical fiber. 
[0025] In an optical transmitting device 10 of Fig. 

1, the CATV signals with a frequency of 90 to 770 MHz are 
frequency-modulated and converted to an FM batch 
conversion signal (0 to 6 GHz) with a center frequency 
of 3 GHz and a frequency bandwidth of 6 GHz by an FM batch 
converter 12. In an optical transmitter 14, an optical 
signal is intensity-modulated by the FM batch conversion 
signal for output as an optical signal. 

[0026] The intensity-modulated optical signal is 

further intensity-modulated in an external modulator 18 
by signals in ah RF band of the BS/CS satellite 
broadcasting. The optical signal is amplified by an 
optical amplifier 30 as needed and then transmitted via 
an optical fiber 40 to an optical receiving device 50 at 
a subscriber. 

[0027] In the optical receiving device 50, the 

optical signal is split by an optical two-branch unit 54 . 
These optical signals are converted to electrical signals 
by photoelectric converters 62 and 72, respectively, such 
as a photodiode (PD) or an avalanche photodiode (APD) . 
[0028] The electrical signal containing the FM batch 

conversion signal of the CATV signals is demodulated to 
the CATV signals with a frequency of 90 to 770 MHz by an 
FM demodulator 64 for output via an amplifier 66. On the 
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other hand, the electrical signal containing the BS/CS-RF 
signals is frequency- converted to BS/CS-IF signals with 
a frequency of 1.0 to 2.1 GHz by a block down -converter 
(LNB) 74 for output. Because the optical receiving 
device uses the optical two-branch unit 54, hereinafter 
it will be referred to as "a branch type optical receiving 
device" . 

[0029] As opposed to splitting and converting the 

optical signal to the electrical signal as shown in Fig. 
1, the optical signal may be converted to an electrical 
signal and then frequency separated as shown in Fig. 2. 
In Fig. 2, the optical signal received via the optical 
fiber 40 is firstly converted to the electrical signal 
by the photoelectric converter 62. 

[0030] Then, the electrical signal is 

frequency- separated to a signal containing the FM batch 
conversion signal of the CATV signals below 6 GHz and a 
signal having 6 GHz or higher (6 to 13 GHz) through a 
frequency separating filter 56. 

[0031] The FM batch conversion signal with a 

frequency of 0 to 6 GHz is demodulated into the CATV 
signals with a frequency of 90 to 770 MHz by the FM 
demodulator 64 for output via the amplifier 66. On the 
other hand, for the signal with a frequency of 6 to 13 
GHz, a desired RF frequency (11. 7 to 12.8 GHz) of the 
BS/CS satellite broadcasting is selected through a filter 
in the block down-converter (LNB) 74 and 
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frequency-converted to an IF frequency (1.0 to 2.1 GHz) 
of the BS/CS satellite broadcasting. 

[0032] Now, a spectrum at each of the points in the 

exemplary configuration will be described. The spectra 
at points "A" to "I" of Fig. 1 are shown in Figs. 3 to 
11 , respectively. Note that since the signal at point 
"E" is an optical signal, a frequency spectrum of the 
electrical signal after photo-electrically converted the 
optical signal is shown in Fig. 7. Also, the spectra at 
points "J" to "N" of Fig. 2 are shown in Figs. 12 to 16, 
respectively . 

[0033] Firstly, the branch type optical receiving 

device of Fig. 1 will be described. As shown in Fig. 4, 
second and third harmonic distortions are generated by 
the FM batch converter 12 at point "B" of Fig. 1. These 
distortions are further increased at point "E" of Fig. 
1 by the optical transmitter 14, as shown in Fig. 7. 
[0034] The FM batch conversion signal is demodulated 

by the FM demodulator 6 4 in the optical receiver 6 0 and, 
as shown in Fig. 9, the CATV signals can be restored 
without degradation at point "G" (refer to Non-Patent 
Document 2). As shown in Fig. 10, however, second and 
third harmonic distortions of the FM batch conversion 
signal fall within the band (11.7 to 12.8 GHz) of the 
BS/CS-RF signal at point "H" . 

[0035] As such, even if converted to the frequency 

band (1.0 to 2.1 GHz) of the BS/CS-IF signals by the block 
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down-converter (LNB) 74, the second and third harmonic 
distortions remain within the band at point "I" as shown 
in Fig. 11. , leading to interference against video 
signals of the BS/CS satellite broadcasting, 
[0036] Next, the integral type optical receiving 

device of Fig. 2 will be described. As shown in Fig. 4, 
second and third harmonic distortions due to the FM batch 
converter 12 are generated at point "B" of Fig. 1. These 
distortions are further increased by the optical 
transmitter 14 at point "E" of Fig. 1, as shown in Fig. 
7. 

[0037] The FM batch conversion signal is demodulated 

by the FM demodulator 64 of Fig. 2 and, as shown in Fig. 
14, the CATV signals can be restored without degradation 
at point "L" of Fig. 2 (refer to Non-Patent Document 2) . 
As shown in Fig. 15, however, the second and third 
harmonic distortions of the FM batch conversion signal 
fall within the band (11.7 to 12.8 GHz) of the BS/CS-RF 
signal at point "M" of Fig. 2. As such, even if converted 
to the frequency band (1.0 to 2.1 GHz) of the BS/CS- IF 
signals by the block down-converter (LNB) 74 of Fig. 2, 
as shown in Fig. 16, the second and third harmonic 
distortions remain within the band at point "N" of Fig. 
2, leading to interference against video signals of the 
BS/CS satellite broadcasting. 

[0038] Also, as shown in Fig. 17, a low-pass filter 

may be placed after the FM batch converter 12 to reduce 
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high frequency distortions, which suppresses a signal of 
6 GHz or higher. In that case, however, a higher 
modulation index (approximately 80%) have to be used in 
the following optical transmitter 14 to extend the 
transmission distance, and hence, the generation of 
harmonic distortions can not be prevented. 
[0039] (First embodiment) 

Fig. 18 shows an exemplary configuration of the optical 
transmitting device according to a first embodiment of 
the present invention. Further, Fig. 20 shows the 
exemplary configuration of a cancellation signal 
generator of Fig. 18 . In the optical transmitting device, 
CATV signals with a frequency of 9 0 to 7 7 MHz are 
frequency-modulated by the FM batch converter 12 and 
converted to an FM batch conversion signal with a center 
frequency of 3 GHz and a frequency bandwidth of 6 GHz . 
[0040] Then, the optical transmitter 14 

intensity-modulates an optical signal with the FM batch 
conversion signal for output. The intensity-modulated 
optical signal with the FM batch conversion signal is 
split into two branches by an optical splitter 20. One 
of the split optical signals is processed in the 
cancellation signal generator 100 as follows. Referring 
to Fig. 20, the optical signal is converted to an 
electrical signal by a photoelectric converter 23 passing 
the signal of 6 GHz or higher through by a high-pass filter 
24 to extract harmonic distortions having higher 
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frequencies than the FM batch conversion signal. The 
extracted harmonic distortions are phase-inverted by a 
phase inverter 25 , phase-adjusted by a phase adjuster 26 
and amplitude-adjusted by an amplitude adjuster 27 for 
output as a cancellation signal. Then, the cancellation 
signal is combined with the BS/CS-RF signals by a combiner 
28 of Fig. 18. 

[0041] The combined electrical signal is input to the 

external modulator 18 to externally modulate the other 
optical signal split by the optical splitter 20. The 
other optical signal is adjusted in terms of the optical 
path length by an optical path length adjuster 21 and 
adjusted in terms of the attenuation by an optical 
attenuation adjuster 22 for input to the external 
modulator 18. The optical signal is to be externally 
modulated in the external modulator 18 by the electrical 
signal combining with the cancellation signal from the 
combiner 28. Note that various adjustments by the 
optical path length adjuster 21, the optical attenuation 
adjuster 22, the phase adjuster 26 and the amplitude 
adjuster 2 7 are made such that harmonic distortions 
present in the optical signal are minimized. In other 
words, through the adjustments, the harmonic components 
in the optical signal are cancelled out and a high-quality 
optical signal is provided from the external modulator 
18. 

[0042] Next, Fig. 21 to 30 shows spectra at points 



17 



"a" to " j" in the exemplary configurations of Fig. 18 and 
Fig. 20. Note that since the signals at points "c" and 
" j" are optical signals, the electrical frequency spectra 
after photo-electrically converted the optical signals 
are shown in Fig. 23 and Fig. 30, respectively. 
[0043] Fig. 21 (point "a") and Fig. 22 (point "b" ) 

are similar spectra to those of Fig. 3 (point "A") and 
Fig. 4 (point "B"). Fig. 23 (point "c") shows a spectrum 
after the optical splitter 20, which is substantially 
similar to the spectrum of Fig. 22 (point "b" ) . Fig. 24 
(point "d" ) shows a spectrum after the photoelectric 
converter 23, which is also substantially similar to the 
spectrum of Fig. 22 (point "b" ) . 

[0044] Fig. 25 (point "e" ) shows a spectrum with only 

high frequency components of 6 GHz or higher being 
extracted by the high-pass filter 24. The signal is 
phase-inverted, phase-adjusted and amplitude-adjusted, 
which turns out to a spectrum at point "E" as shown in 
Fig. 26. This cancellation signal is combined, by the 
combiner 28, with BS/CS-RF signals of Fig. 28 (point "h" ) 
which are up-converted from BS/CS-IF signals of Fig. 27 
(point "g" ) by a block converter 16 for output as a signal 
shown in Fig. 2 9 (point "i M ). With this output signal, 
the optical signal of Fig. 23 (point "c" ) is 
intensity-modulated at the external modulator 18 after 
passing through the optical path length adjuster 21 and 
the optical attenuation adjuster 22. At this point. 
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since the second and third harmonic distortions of Fig. 
29 (point "i" ) are phase -inverted with respect to the 
second and third harmonic distortions of Fig. 23 (the 
point "c" ), these harmonic distortions are to be 
cancelled out each other, when intensity-modulated by the 
external modulator 18. 

[0045] By adjusting phase, time and amplitude of the 

distortions up to the external modulator 18 on the 
phase- inverted signal, the cancellation amount of the 
distortions in the external modulator 18 can be 
determined. According to the first embodiment of the 
present invention, the second and third harmonic 
distortions of the FM batch conversion signal can 
virtually be zeroed in the frequency band of the BS/CS-RF 
signals at point " j " , as shown in Fig. 30. 
[0046] The signal shown in Fig. 30 is then amplified 

by the amplifier 30 and transmitted via the optical fiber 
40, which can then be received by the branch type optical 
receiving device shown in Fig. 1 or the integral type 
optical receiving device shown in Fig. 2. The received 
BS/CS-RF signals have no interference by the second and 
third harmonic distortions of the FM batch conversion 
signal, and thus reproducing high-quality video signals. 
[0047] (Second embodiment) 

Fig. 19 shows an exemplary configuration of the optical 
transmitting device according to a second embodiment of 
the present invention. Also, Fig. 20 shows an exemplary 
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configuration of the cancellation signal generator of Fig. 
19 . In this embodiment, compared to the first embodiment 
of Fig. 18, the output of the cancellation signal 
generator 100 is connected to another external modulator 
29 placed before the external modulator 18, as opposed 
to the combiner 28. As such, since the processes upto 
the cancellation signal generator 100 and the optical 
attenuation adjuster 22 are substantially similar to the 
case in the first embodiment, the descriptions are 
omitted. 

[0048] The electrical signal (the cancellation 

signal) output from the cancellation signal generator 100 
is input to the external modulator 29 which externally 
modulates the optical signal from the optical attenuation 
adjuster 22. At this point, various adjustments by the 
optical path length adjuster 21, the optical attenuation 
adjuster 22, the phase adjuster 26 and the amplitude 
adjuster 2 7 are made to minimize the harmonic distortions 
present in the optical signal. That is, the optical 
signal having the harmonic distortions cancelled out in 
the high frequency area of the optical signal is provided 
through the adjustments. 

[0049] The optical signal having the harmonic 

distortions cancelled out is externally modulated with 
the BS/CS-RF signal in the external modulator 18 and 
amplified by the amplifier 30 for output to the optical 
fiber 40. 
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[0050] Now, the spectra at points "a" to "h" , "j" and 

"q" in the exemplary configuration of Fig. 19 are shown 
in Figs. 21 to 28, 30 and 31, respectively. Note that 
since the signals at points "c" # "j" and "k" are optical 
signals, the electrical frequency spectra after 
photo-electrically converted the optical signals are 
shown in Fig. 23, Fig. 30 and Fig. 31, respectively. 
[0051] The spectrum of Fig. 25 (point "e" ) shows a 

spectrum with only high frequency components of 6 GHz or 
higher being extracted by the high-pass filter 24. The 
signal is phase- inverted, phase-adjusted and 
amplitude-adjusted, which turns out to a spectrum at 
point "f" as shown in Fig. 26. With this cancellation 
signal, the optical signal of Fig. 23 (the point c) is 
intensity-modulated in the external modulator 29 after 
passing through the optical path length adjuster 21 and 
the optical attenuation adjuster 22. At this point, 
since the second and third harmonic distortions of Fig. 
26 (point "f" ) are phase-inverted with respect to the 
second and third harmonic distortions of Fig. 23 (point 
"c" ), these harmonic distortions are to be cancelled out 
each other, when intensity-modulated by the external 
modulator 29 . 

[0052] By adjusting phase, time and amplitude of the 

distortions up to the external modulator 29 on the 
phase -inverted signal, a cancellation amount of the 
distortions in the external modulator 29 can be 
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determined. Hereby, it is understood that the harmonic 
distortions of the FM batch conversion signal are 
cancelled out in a high frequency area of the optical 
signal of the CATV signals at point "k" , as shown in Fig. 
31 . 

[0053] The optical signal having the high frequency 

distortions cancelled out is externally modulated at the 
external modulator 18 with the BS/CS-RF signals of Fig. 
28 (point "h") which are up-converted from the BS/CS-IF 
signals shown in Fig. 27 (point "g" ) by a block 
up-converter 16, and is output as the signals shown in 
Fig. 30 (point " j " ) . According to the second embodiment 
of the present invention, the second and third harmonic 
distortions of the FM batch conversion signal can 
virtually be zeroed in the frequency band of the BS/CS-RF 
signals at point " j " , as shown in Fig. 30. 
[0054] The signal shown in Fig. 30 is amplified by 

the amplifier 30, which can be received via the optical 
fiber 40 by the branch type optical receiving device shown 
in Fig. 1 or the integral type optical receiving device 
shown in Fig. 2. The received BS/CS-RF signals have no 
interference of the second and third harmonic distortions 
by the FM batch conversion signal, which enable a 
reproduction of higher-quality video signals. 
[0055] (Other embodiment) 

The present invention has been specifically described 
based on the above embodiments. Considering various 
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feasible embodiments to which the principles of the 
present invention may be applied , the embodiments 
described herein are for illustration purpose only and 
are not intended to limit the scope of the present 
invention. The embodiments illustrated herein can be 
modified in its configuration and details without 
departing from the spirit of the invention. Moreover, 
the components illustrated may be modified, supplemented 
and/or changed in their order without departing from the 
spirit of the invention. 

[0056] For instance, in the configuration of the 

cancellation signal generator shown in Fig. 20, the order 
of the high-pass filter 24, the phase inverter 25, the 
phase adjuster 26 and the amplitude adjuster 27 may be 
changed. Similarly, the order of the optical path length 
adjuster 21 and the optical attenuation adjuster 22 in 
Fig. 18 and Fig. 19 may be changed. 

[0057] Further, instead of adjusting the phase by the 

phase adjuster 26 of the cancellation signal generator 
100, the optical path length of the optical path from the 
optical splitter 20 to the external modulator 18 of Fig. 
18 may be adjusted. Similarly, instead of adjusting the 
phase by the phase adjuster 26 of the cancellation signal 
generator 100, the optical path length of the optical path 
from the optical splitter 20 to the external modulator 
29 of Fig. 19 may be adjusted. The optical path length 
can be adjusted using the optical path length adjuster 
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or the optical fiber cords with different lengths. 
[0058] Furthermore, by inverting the polarity of an 

external modulation port of the external modulator 18 
shown in Fig. 18 or the external modulator 29 shown in 
Fig. 19, the phase inverter 25 may be eliminated. 
[0059] Still further, instead of using the amplitude 

adjuster 27, the optical attenuation adjuster may be 
placed in front of the photoelectric converter 23 to 
adjust the optical power. 

[0060] Still further, instead of using the high-pass 

filter 24 shown in Fig. 18 and Fig. 19, a band-pass filter 
for passing an occupied band of the second signal may be 
used. In the configuration using such band-pass filter, 
it is applicable even when the second signal has a lower 
frequency than the first signal . In other words , it makes 
possible to cancel out an intermodulation distortion on 
a lower frequency side than the first signal generated 
by the intermodulation product of some frequency 
components in the first signal. 
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